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Introduction

Stone buildings that are exposed to the effects of rain, wind, and urban pollutants
deteriorate over time. Sharp edges become rounded, carved details may be lost, and the stone
surface may be disfigured by accumulation of dirt or by dark surficial crusts. The Cathedral of
Learning in Pittsburgh, Pennsylvania is being studied to learn about pollutant delivery and
deposition on a high-rise stone building. The Cathedral of Learning is a 42-story limestone
building, located at the University of Pittsburgh. It was built between 1929 and 1937 and is a
well known landmark in Pittsburgh. A group of researchers from Carnegie Mellon University,
led by Cliff Davidson, are using the building as a field laboratory to study air pollution damage
to buildings. Some of the project components include: assessing the distribution of deterioration,
monitoring meteorological conditions and pollutant deposition at the building, and modeling the
pollutant delivery and deposition on the building. In order to link the pollutant monitoring and
modeling with the visible black surficial deterioration on the building, the surficial deposits must
be examined and identified. This report describes the approach used to sample surficial
accumulations on the building.

Samples of the surficial deposits from the Cathedral of Learning will enable us to
examine the accumulations to determine their constituents and characteristics. The samples will
be examined with optical and scanning electron microscopy (SEM), with energy dispersive X-ray
analysis, and perhaps with X-ray diffraction. The primary goal of the sampling is to relate
features of deterioration that are visible on a large scale with specific information about the
characteristics of the deterioration that may have an impact on the stone. Thus, two important
factors for successful sampling at the building are: choosing appropriate and representative
locations, and obtaining appropriate samples for the analytical techniques we expect to use.

Approach

Examination
One of the goals of the overall project at the Cathedral of Learning is to assess the
distribution of deterioration, so a visual survey of the building was conducted before beginning
any sampling. During the visual survey I looked for: patterns in the visible deterioration, small
and large scale features of the surficial accumulations, visible differences in the alteration crusts
that could be described in distinct categories, locations of the different types of crusts, and
correlations between the visible characteristics of the crusts and the locations of the crusts on



the building. Although no quantitative estimates were made, the visual survey helped to identify
broad categories of visible features and their prevalence on each side of the building.

The building has distinctive areas of dark and light surfaces. Viewed as a whole and
from a distance, two sides of the building (those facing Fifth Avenue and Bigelow Boulevard)
are lighter and appear to have less accumulation of crusts than the other two sides. The top of
the building has much less dark accumulation than the lower areas. On a large scale, there
appears to be a typical "V" or "W" shape to the pattern of the dark and light areas. While some
of the dark areas are partially or completely sheltered from above, in many cases the sheltering
appears to be minimal and some of the dark accumulations seem to occur on straight vertical
surfaces. The dark areas appear black or they may have a red-brown color; the light areas
appear to be limestone surfaces without any surficial accumulation. There are variations in the
surface finish on many of the blocks of limestone in the building, but the surface finish does not
appear to influence (or correlate with) the type of alteration crust that occurs there.

Choice of sites

The Cathedral of Learning has a very complex shape with many different levels (Figure
1), so there are potentially many places where samples could be collected. Sampling sites were
selected based on several factors, but my primary concerns were to coordinate with the pollution
deposition studies and to determine whether the characteristics of the crusts vary around the
building. A practical consideration of site selection was whether an area of the building was
accessible for sampling. Within a sampling area, such as on one of the patios, sample locations
were selected for one of three reasons: to document the visible variations in the surficial
accumulations, to closely represent (without interfering with) one of the pollutant monitoring
sites, or to duplicate a similar location on another side of the building.

Samples were obtained from four levels of the Cathedral of Learning: the roof, the 16th
floor, the Sth floor, and at ground level (Fig. 1). Most of the samples were collected on the 5th
floor level because this level provided the easiest access to several sides of the building that had
visible surface accumulations and because a significant portion of the pollutant sampling has been
conducted at this level. Most of the samples were collected from dark surficial crusts. The light
areas that were sampled mostly appear to be limestone with no visible surface accumulation, but
samples were collected in some of these areas for comparison with the black and red-brown
crusts. In several cases, pairs of samples were collected from adjacent dark and light areas.
On the Sth floor patio, where the pollution monitoring is located, samples were also collected
just below (in order to be close to without interfering with) some of the SO, and carbon particle
deposition measuring sites. Figure 2 shows where all of the samples were collected.

Method of sampling
The method I used to collect samples was determined by two factors: I wanted to impact

the building as little as possible, but I needed to collect enough material in a sample to
adequately examine it. A few grains are sufficient material for SEM examination, but more
material provides a more representative sample. Powder X-ray diffraction generally requires
more material than is needed for SEM examination, but even so, a useful X-ray pattern can be
obtained with a thin layer of powder that covers about one square centimeter area. Thus, very



little material (less than 0.5 g) was required for any particular sample. Typically, samples were
obtained by scraping the stone surface with the blade of a pocket knife while holding a small
plastic box (1 inch x 1 inch, with a hinged lid) below the sampling area to catch the scraped
material. When possible, other samples were collected by prying or plucking small pieces of
material from the surface of the stone. I used this technique where the surficial accumulations
appear to be spalling off (peeling off in a thin layer). While collecting the samples, by either
method, I observed and recorded information about the material I was sampling. Some of the
features of particular importance to note include:

* How easy or hard was it to remove the material? (This may indicate the tenacity of

alteration crust.)

¢ Did scraping change the appearance of the area where the sample was collected? (For

example: did removing the alteration crust make the original stone surface visible or were

there traces of the alteration crust still adhering to the stone surface?)

® What does the sample look like after it is collected? (The material might be a fine or

coarse powder, its color may differ from what it appeared to be when it was on the stone

surface, the surficial crust may have pieces of the underlying stone adhering to it, etc.)

* For intact pieces that were removed, is there a difference in the appearance of the

outward facing surface and the inward facing surface? (This may indicate something

about the weathering of the piece, or may help explain why it was spalling off.)
In some instances it is useful to examine the stone surface with a hand lens (10x magnification)
prior to sampling to identify specific targets for sampling, or to record characteristics of the
material to be sampled. Recording a description of the specific location of the sample is an
important part of collecting the sample. Photographing typical or special areas where samples
were collected may be useful for interpreting and illustrating the characteristics of the surficial
accumulations.

Most of the samples collected at the Cathedral of Learning were scraped powders.
Where possible, small pieces of crust (the largest is 18 x 15 x 1 mm) were pried off because
they may provide the best type of sample for SEM examination of the crust surface. Samples
of a few unusual features were plucked from the stone surface, for example: sample CL801-5
consists of metallic spheres, about 2 mm in diameter; and sample CL801-7 consists of white
spherical grains, about 1 mm in diameter. Brief descriptions of all the samples are given in
Table 1.

Sample Summary

Thirty seven samples were collected during this phase of the project. Thirty of the
samples represent common or typical features of the surficial accumulations that are distributed
around the building (Table 1). Seven samples represent various unusual or localized features
(Table 1, bottom). The samples were collected from all four sides of the building and facing
three corners. The side of the building from which a sample was collected is indicated by the
street name that the side of the building faces (see Table 1). More samples were collected from
the Forbes Avenue side of the building than from any other side (Table 2). Samples were col-
lected from four levels of the building, but most of the samples were collected on the 5th floor



level. Black crusts were the most common type of crust sampled. Three pairs of light and dark
samples were collected near each other: CL801-3 & -4, CL801-15 & -16, and CL801-27 & -28.
Several sets of samples were taken from similar locations on opposite sides of the building:
CL801-23 & -26, CL801-11 & -17, CL801-18 & -10 & -1 (Figure 2 and Table 1). Analyses
of these samples will be integrated with information about where and how they were sampled
on the building, in order to provide a picture of the surficial deterioration at the Cathedral of
Learning.

This sampling effort concentrated on surficial accumulations above ground level,
particularly on the fifth floor level. The sampling locations were chosen partly to make the
samples as relevant as possible to the pollutant monitoring that Carnegie Mellon University is
conducting at the Cathedral of Learning and partly for two practical reasons. Although one
might ideally plan to sample identical locations on each side of the building at a specific level,
this may not be feasible (1) because of limited physical access to some areas (without
scaffolding) and (2) because surficial accumulations are not present on all sides of the building
in the same positions. For example: several samples were collected on the 16th floor patio
facing Forbes Avenue and, although there is a corresponding area on the 16th floor facing Fifth
Avenue, there are no blackened surficial accumulations on the Fifth Avenue side of the building
on the 16th floor. Analysis of the samples may also identify any gaps or redundancies among
the samples collected at the building. If additional samples are needed they will be specifically
chosen to answer questions that are based on what I have learned from studying the building and
the samples collected during the first sampling effort.

Summary

The sampling program used at the Cathedral of Learning consists of the following
elements:

1- Assess the building to determine the extent and nature of the deterioration that is to
be sampled.

2- Choose areas for sampling that are accessible and because they might contribute to
understanding the overall picture of surface accumulation at the building.

3- Collect samples that represent the visible features of the alteration.

4- Use a sampling method that is as non-destructive as possible. Without disfiguring
the building, collect enough material for the analytical method(s) that will be used.

5- Document sampling locations and sample characteristics.

6- Determine additional needs for sampling, by evaluating and synthesizing analyses
from the initial set of samples collected.

Acknowledgement

I would like to thank Vicken Etyemezian for his cheerful help as a guide and for
arranging our access to the roof patios, when I collected samples at the Cathedral of Learning.









»

Apisea ode1os yoejq [rem 1ouiod dsop | 4 $9QI0 29 mopdig | ¢ :-quoa
3o paddod 31q Ksn1 ‘paderos w3y 3urduwres-D Ju vore UM ‘Ilem | 4 mop3ig [ ¢ | 61-108T0 |
$3001d [reds A1d 3oe[q Ires pojdue | ¢ yyId 2 moppdig | S | 01-108T0
jods-D 1u ‘opis 1
adeios Jor[q | QU JSOWIT ‘IOUID If PUZ ‘QU MOpUIM | ¢ Uy 22 mop3ig | ¢ | €2-108T10
Apises adexos 3oe]q dn j[q pig ‘[rem pojdue | ¢ yId 2 mop3ig | S | TT-1087TO0
s193uly /m Jjo paYold ‘Teromuns | umoIq-pal s | ¢ yyId 2 mopedid | S | ¥Z-108T0
1opmod suy ade1os ¥oe[q [ream 1ou100 doop | ¢ UYLy 2 mo[edig | § | T1-1087T10
330 £1d se001d [reds 3orIq dnsyiq 9 qe ‘lrem | ¢ Wwa | S | 910810
swigd ouy oderos Joelq | dn sy|q g qe ‘eare 93ps dup je ‘[rem | T W | S | 810810
[eIo1jIns Qwos
‘s0A0013 15 [q pue IsnI pade1ds/paud | umo1q-pax mem | ¢ W | S | 610810
padeios W3 doj je eore pasodxo UL 7 PlRYSIed [ O | +-TELTO
sxo3uyy /m Aqisea yyo A1d | umoiq-pal Irem “1q 3y31| Uy 2% PRYSIRA | OF | T-TELTO
soejans aderos W31 ¢- 1u ‘dn sY[q  qe ‘[Tem po[Sue | | pleydled | S | +-T08TO
suy ‘Aropmod A1oa ‘Aqises oderos ¥orlq p- 1u ‘dn sYIq 4 qe ‘[Tem po[Sue | | PRYSIPd | S | €-108T0
yresuzapun pax d3uelo A[ised jjo Jreds Aid 3o[q 1-108 1u ‘dn sjIq G qe ‘[em po[3ue | | PRYS[ed | S | Z-108TD
330 1reds 393 oy prey jjo d001d Aid Joe[q dn SY[q ¢ qe ‘[rem po[3ue | | plyLIed | S | T1-T08TD
uondLosap proy adfy uoredo[ | 9f opIs Al | # ordures

‘(01 d uo) 91qe; ayj Jo wonoq ayj je ‘Ajojeredss umoys are sojdwes [eroads (g 2 § soSed uo pasi] ore sojdures uorje[NWINOOE [eroLjIns [eoldA

Suturea] jo TeIpayre) 9y WOy pajos[o) sojdwes ‘1 SqEL




:$21dwps 10102ds

aderos Jo®[q WL} 9AOQE BIIR JB[J ‘[[em soqiod | 1 | 0€-1081D
suresd oulj="1joowss ‘Aisea odeios sdwnj JYor[q uILI) [eJUOZLIOY JOpUn ‘[fem soqiod | 1 | 62-10871D
€]1- Ju ‘eare plarysurer
paxoype Apysn ‘aderds o) prey JoeIq MO[2q ‘*00] SuLojUOW gV IU ‘[Tem | ¥ $eq104 | € | TI-10871D
Apises o001d [reds Aid | umolg-par Z1- 1u “+00[ uuojluow gy Iu ‘[rem | 4 saqiod | S | €1-108T1D
I2UJOD
Topmod adexds JOB[q | IJ MOpUIM pUZ 9pIs T “T ‘qU MOPUIM | 4 $3qI104 | S | vI-10871D
aderos W3y lods-D Iu eare AYM GI- JU ‘[rem | § soq104 | S | 91-108710
Q1- Ju ‘oBJINS JUOIS
Aqisea Jjo saderos zopmod ouyy Yoelq | y3noix ‘Jurpdures D Jo mopeys ur ‘[rem | soqio | ¢ | S1-1081D
dn sy|q
Apisea aderos Yor[q ¢ Suyidwres 1u ‘ooepns ysno1 ‘mrem | soqiod | S | 0Z-10871D
o3ue10
isnl 103 01 prey “YIq yieouoq JoAe] o3ueIo o3uero {0Z-1uU ‘Irem | $ soqrod | S | 1Z-10871D
Aqisea padexos 3orIq 93po ‘dn Y[q pig ‘[em $2g104 | 9T | ST-1081D
3pIs [fem O [q ‘oprsino uo 31| reds w3 LT- 1u ‘[rem $3q104 | 9T | 82Z-1081D
Teoyans ‘ouy ‘Aqisea aderos Joe[q 8C- 1u [fem |q §2q10q | 9T | LZ-10871D
1opmod ouyy 2deIds 0) prey o®[q yred I9JU20 Y ‘qU MOpUIM $9q104 | 91 | 9Z-10871D
A11ses gyo s1q frews Aid 3or|q soejIns y3nox ‘[rem paj3ue | § | $9qiog 2% mo[pdid [ S | 8T-T08710
uonduosap pavy adKy uoneoo] | of opIs Al | # ordures




/0

SJUSUIINSBIW
uonisodop InjIns jJo eore = Suuojiuow gy ‘eare Surjdures uonisodap sponred uoqreo = Surpdures-) ‘ssof JO dJel dUnuUIdAp 0) Surping ay) uo pajured sjods
uoqre) = jods-D) ‘Suojspues = (5s) ‘90BJINS = OJS ‘YO = "] ‘IOUIOD = JUID ‘YNIM = /M ‘WOIJ = JJ ‘TeOU = JU ‘SYO0[qQ = SY[Q ‘InOge = Qe :SUOIBIADIqQR

Surjdures jo oses jnoqe uoneuwIoul Spn[oul Aew ‘paure}qo sem d[dures oYy moy saquUOsap :uondLIOSIp Pl
(Ioy10 ‘usa18 “o8ueio) 19yj0 ‘YBI] ‘Umolq-pal “Joeyq - ojdures jo odA3 :2d£)
pordures eare o1j199ds 9y} SOQLIOSIP UOTIROO]
dn jos s1 SuLioyUOW Y} dIOYM ST { BAIR {(}-] SBaIe) 100]) YIS oY) uo seare Jurjdures = If
(1 = 19A9] punoid ‘pp = JOol) J0O[} 2y} sojeuSISOp Joquinu Y} :SUIP[ING Y} UO [9Ad] = [A]

Apisea yyo pafind 091d [rews W31 sdals Ju eare [rem saqiog | T [ 9-1€LTD

9Js J9In0 YIq ‘AJIses jjo swod ‘sadaid [reds yoelq (SS) Su0ls JO 9SINOO ISBQ ‘[[em yyI | 1 1€-108°1D
ape[q

010exa /m Jyo paurd Aqises ‘soxsyds S11ym Ijo 10 em | ¢ W | S | L-108T0

paderos usa1d dus SuruyySi rejow 1u ure)s Uy % PlRYSIIRG | OF | S-TELTO

Arsea gyo sqind | umoiq-pax {Teq snoiaald ‘edre ures Yy 2@ PlRYR[Rd | Ov | €-1ELTD

/M [eLISjeW SUOJS wos J0o) ‘oderds | umoig-pal Ieq [ejouwr Jopun Ui 2 PPUIIRd | OF T-1EL1D

oy /m soroyds ws no Aid oelq dn s)[q ¥ qe ‘Trem po[Sue | | plRyered | S | S-108T10

uonjduosap poy adky uomneodo] | o1 opIs Al | # ordures




Level: #
Roof 2
16 4
5 22
Ground 2
Type: #
Black 20
Red-brown 4
Light 5
Other 1
Side:
Bellefield

Bellefield & Fifth
Fifth

Bigelow & Fifth
Bigelow

Bigelow & Forbes
Forbes

Table 2. Summary of samples collected

Typical surficial accumulations
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Red-brown
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Side:
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